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Abstract

:

Greengage wine is gaining increasing attention in Asia for its rich nutritional elements and medicinal value. However, the treatment of the fermentation waste after brewing is a problem that remains unsolved. This work proposed to valorize the fermentation waste extract by a simple centrifugation. The bioactive compounds of the fermentation waste were investigated, including total flavonoids, total phenols, specific phenols and volatile compounds. The antioxidant and antibacterial capacities of the waste extract were also evaluated. The results revealed that the total phenol (1.34 mg GAE/g EPW) and total flavonoid (1.17 mg RE/g EPW) of the fermentation waste extract were still considerable. The fermentation waste also showed high DPPH radical scavenging capacity (5.39 μmol TE/g EPW) and high ABTS radical scavenging capacity (9.80 μmol TE/g EPW). Both GC-MS and LC-MS analysis identified key bioactive compounds, such as linalool, terpineol, β-ionone, neochlorogenic acid and chlorogenic acid, which have high antioxidant capacity and strong, thermal-stable antibacterial capacity. All these characteristics show a promising future for valorized fermentation waste, for example, in food additives or mouthwash.
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1. Introduction


For hundreds of years, greengage (Prunus mume), a specific variety of plum, has been used as a medical food in China, Japan and Korea to enhance the immune system and cure many diseases [1]. Extracts of greengage have been shown to have properties that fight lung, liver and other cancers [2], and researchers have discovered anti-microbial [3] and high antioxidative activity [4].



High volumes of these bioactive compounds, which work as natural antioxidants, have therapeutic potential and health benefits for humans [5]. Among these compounds are polyphenolics, flavonoids, Vitamin C, anthocyanins and carotenoids, [6] and of these, polyphenolics are the most abundant antioxidants in vegetables and fruit. [7] Researchers suggest that a long-term consumption of polyphenolic-rich food is important for preventing cancer, diabetes and other diseases [8,9,10]. Flavonoids, a large group of polyphenolics, show evidence of reducing the risks of developing breast, colon, lung, prostate and pancreatic tumors [11].



In 2019, greengage production of China was more than one million tons, which was all processed into preserved fruit or beverages [12]. In recent years, greengage wine has gained increasing attention, and more and more brewing plants are developing fermented greengage products. The development of fermentation technology has brought shorter production periods and better quality of wine, which is already at industrial-scale production [13,14]. However, after fermentation, edible parts of the fruit remained, but they were too acidic to be used in feedstock; therefore, they were discarded untreated, which amounts to around 1500 tons in a brewing plant with an annual wine production of 2000 tons. Such a huge amount of fermentation waste is aa severe burden on the brewing plant both economically and ecologically. Consequently, disposing of this waste will greatly promote profitability and reduce the environmental impact.



Until now, there has been no relevant research on how to deal with fermentation waste that may contain high-value compounds. Therefore, in this work, greengage fermentation waste was treated by centrifugation to obtain an extract, and its key characteristics were investigated to provide crucial reference for further valorization.




2. Materials and Methods


2.1. Reagents and Standards


All reagents and chemicals used were of analytical or HPLC grade. The ethanol for solvents, sodium carbonate, NaNO2, Al(NO3)3, NaOH, K2S2O8, were from Chengdu Jinshan Chemical (Chengdu, Sichuan, China), Gallic acid and rutin were from Aladdin Chemical Co. (Shanghai, China). Folin–Ciocalteu reagent, 2,20-Azio-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl radicals (DPPH) and 6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid (Trolox) were from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).




2.2. Sample Preparation and Extraction


In this study, greengage (cultivar: “Nangao”) was harvested in Dayi, Sichuan, China, and fermented to produce high-quality wine. The configurations of the fermentation process were determined and reported in our previous work [13]: Saccharomyces bayanus and Torulaspora delbrueckii were employed to initiate the repeated batch fermentation of 30 days at 25 °C. After fermentation, the greengage fruit was still complete, as shown in Figure 1. The fruit was pitted and crushed in a blender, and then 100 g of the edible part was centrifuged for 5 min at 5000 rpm, the supernatant was then sampled as the work solution, which was stored at 4 °C for further analysis, noted as the extract of fermentation waste, as shown in Figure 1. The control sample was the fresh fruit, which was prepared according to the same protocol described above.




2.3. Analysis of Total Phenolic Compounds (TPC)


The determination of total phenolic compounds was performed according to the method of Wang et al. [15] with some modifications. Before the reaction, the samples were diluted 10 times using 80% ethanol marked as work solutions. One milliliter of work solution was mixed with 1 mL Folin–Ciocalteu reagent (1 mol/L) reacted for 2 min, then 5 mL of 4% (4 g Na2CO3 dissolved to 100 mL water) Na2CO3 solution was added. The reaction was then incubated at room temperature for 2 h in the dark. Absorption was determined using an UV-visible spectrophotometer at 760 nm. Total phenol content was expressed as mg of gallic acid equivalent (GAE) per g of fresh and fermented edible parts weight (mg GAE/g EPW) using a calibration curve prepared with gallic acid as a standard.




2.4. Analysis of Total Flavonoids Compounds (TFC)


The total flavonoid content was determined according to the procedure described by Zhang et al. [16] with some modifications. First, 2 mL of work solutions was mixed with 0.4 mL 5% (5 g NaNO2 dissolved to 100 mL water) NaNO2 solution, and the solution was incubated for 6 min, after which 0.4 mL 10% Al(NO3)3 solution was added and then reacted for 6 min. Then, 4 mL 4% NaOH solution was mixed with the solutions. Last, ethanol was used to make sure the solutions were exactly 10 mL. The absorbance was measured at 510 nm using an UV-visible spectrophotometer. A standard rutin (R) curve was prepared, thus the total flavonoid contents were described as an mg equivalent of rutin (RE) per gram of edible parts weight (mg RE/g EPW).




2.5. Trolox Equivalent Antioxidant Capacity (TEAC) by ABTS


TEAC analysis was performed according to the procedure described by Li et al. [17] with modifications. The ABTS cation was generated using ABTS radical (38.4 mg) dissolved in 10 mL of water with 5 mL K2S2O8 (70.28 mg K2S2O8 dissolved in 100 mL of water) solution; the mixture was incubated in the dark at room temperature for 16h. Thereafter, the mixture was diluted using ethanol (dilution ratio 1:50) to ensure the absorbance was adjusted to 0.7 ± 0.02 nm at 734 nm using UV-visible spectrophotometer. Then 0.2 mL of work solutions were mixed with 5 mL ABTS radical solution and incubated for 6 min at room temperature. Trolox was used as a standard, and the antioxidant capacities are expressed as micromoles of Trolox equivalents (TE) per gram of edible parts weight (μmol TE/g EPW).




2.6. TEAC by DPPH


Free radical-scavenging capacity of DPPH radical was measured according to the method mentioned by Hernandez-Ruiz et al. [18] with modifications. 4 mg DPPH radical was added to 100 mL ethanol solution; the absorbance of the mixture was adjusted to 0.7 ± 0.02 nm using an UV-visible spectrophotometer at 490 nm. Thereafter 1 mL of work solutions was mixed with 5 mL DPPH solution and incubated in dark room at room temperature for 30 min. Trolox was also used as a standard, and the results were expressed as micromoles of Trolox equivalents per gram of edible parts weight (μmol TE/g EPW).




2.7. Analysis of Volatile Compounds


The method for analyzing volatile compounds in greengage fermentation waste was based on our previously defined protocol with modification [13,19,20].



GC-MS (GCMS-QP2010 SE, Shimadzu, Japan) was employed to analyze the work solution, and the volatile components in the sample were qualitatively detected by integration, and the concentration of each substance in the sample was quantitatively calculated based on the peak area and internal standard concentration. Equipment: DB-5MS (30 m × 0.25 μm × 0.25 μm) chromatographic column. Separation: the temperature of the column oven was 50 °C; the injection temperature was 265 °C; the injection mode was split injection; and the split ratio was 50:1. Heating: the initial temperature was 50 °C for 5 min, then increased at 3 °C min−1 to 180 °C for 8 min. High purity helium gas was used as the carrier gas. The pressure was 52.7 KPa; total flow was 55.5 mL/min; solvent delay time was 1 min; purge flow rate was 5.0 mL/min; and linear velocity was 36.1 cm/sec.



Headspace solid phase microextraction (HS-SPME): 1 g of NaCl measured in advance and added to the headspace bottle; 1 mL of the sample was pipetted and added to the headspace bottle to saturate the solution and promote the volatilization of components. To this was added 20 μL of internal standard (with a concentration of 0.073 g/100 mL 2-octanol) and 0.0069 g/100 mL methyl octanoate solution. The bottle was sealed with a silica gel plug. The headspace vial was then placed in a 60 °C water bath, pre-equilibrated for 10 min. A solid phase extraction needle was then inserted into the headspace vial, and the microextraction head was extended to expose the upper part of the headspace vial at 60 °C to extract and adsorb for 50 min.




2.8. Analysis of Bioavtive Compounds in Liquid Phase


The separation of the bioactive compounds from the extracts of the edible parts of the fermentation waste was performed using a LC-MS system based on Ultimate 3000 (Thermo Fisher Scientific, Waltham, MA, USA) coupled online to a Q Exactive Plus mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). 10 g of edible parts of the waste was soaked in 20 mL 80% ethanol (v/v) for 24 h. Afterwards, the extract was collected and centrifuged at 5000 rpm for 5 min. The supernatant was then filtered with a 0.22 μm membrane and diluted 50 times as the work solution in this analysis. The method of analyzing phenolic compounds of fermentation waste was then referred to Yu et al. [21]. Data processing was performed using Compound Discoverer software (Thermo Fisher Scientific, Waltham, MA, USA).



The experiment was conducted on a Hypersil GOLD column (2.1 × 100 mm, particle size 1.9 µm). Solvent A (Aqueous solution containing 0.1% formic acid) and solvent B (Acetonitrile solution containing 0.1% formic acid) were used for gradient elution. The gradient was formed as follows: 0 to 2 min 2% B, 2 to 12 min 2–30% B, 12 to 20 min 30–98% B, 20 to 22 min 98% B, 22 to 22.1 98–2% B, 22.1 to 25 2% B. The flow rate of the mobile phase was 0.300 mL/min; the equilibrated column temperature was 30 °C, and the injection volume was 2 µL. High-resolution mass spectrometry with electrospray ionization (ESI) set positive and negative scanning mode and in full MS/DD-MS2. It adopted full MS scan with a scan range of 100 to 1500 m/z and a resolution of 70,000. Automatic gain control (AGC) target was 1 × 106 and maximum injection time was 100 ms. The spray voltage was kept at 3.5 kV in positive scanning mode and 2.5 kV in negative mode, with the capillary temperature being set to 320 °C. The sheath gas was 35 arb and the aux gas was 10 arb.




2.9. Analysis of Antibacterial Capacity


The antibacterial capacity of work solution was evaluated by the inhibitory zone diameters according to the literature [22]. Three model strains were employed: Staphylococcus aureus; Escherichia coli; Bacillus subtilis. The culture medium was prepared as follow: beef extract 3 g, peptone 10 g, NaCl 5 g, agar 15–20 g, distilled water 1000 mL, pH = 7.0–7.2, autoclaved at 121 °C for 30 min. As for the analysis, the culture medium was poured into a Petri dish. After its solidification, the suspension of the bacteria strains of 0.1 mL was dropped into the Petri dish using a micropipette with a sterilized tip and then spread evenly with a spreader. A sterile disc paper (6 mm diameter) was dipped into the work solutions. The Petri dish was then incubated for 24 h at 37 °C. The clear zones (inhibitory zones) of each disc paper were measured. Each work solution was tested in triplicate, with distilled water as a blank control.




2.10. Statistical Analysis


Triplicate experiments were conducted on each sample and the data was represented in the form of mean relative standard deviation (RSD). One-way analysis of variance (ANOVA) was conducted using SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA). ANOVA with Duncan’s test was performed to evaluate significant differences for different samples, and a significant difference was defined as p < 0.05 (n = 3).





3. Results


3.1. Total Phenolic and Flavonoid Contents


Phenolic compounds are the primary secondary metabolites in plants and can act as natural antioxidants. They reduce free radical formation caused by different kinds of stress and thus they show their protective effects in plants, and reports show that they could have similar effects in humans [5,23]. The total phenolic contents obtained from the fresh greengage and the fermentation waste are shown in Figure 2.



Compared to the fresh fruit, an obvious decrease in the phenolic compound content in the fermentation waste was revealed. The exact values are 3.32 mg GAE/g EPW for fresh greengage against 1.34 mg GAE/g EPW for fermentation waste, about 59.6% less. As one of the main products of secondary metabolism, phenolic compounds are often enriched after fermentation since various kinds of secondary metabolism occur during fermentation [24]. However, phenolic compounds are mostly polar compounds and their polarity is close to that of esters and alcohols [25] which means that they are more easily dissolved in ester or alcohol solutions than water. Moreover ethanol is a better organic solvent for extracting phenolic compounds in plants compared to methanol and acetone [26]. Therefore, at the end of greengage wine production, the phenolic compounds were dissolved into the phase of ethanol (wine), resulting in their depletion in the fermentation waste.



Phenolic compound content is one of the important factors in the fruit-based investigation. Murillo, Britton and Durant [5] reported 1.88 and 1.08 mg GAE/g FW(Fresh Weight) for red and yellow plums, respectively. In research into edible wild fruit, Shan et al. [27] reported 1.13 mg GAE/g FW from round plums. Compared with this relevant research in the literature, the content of phenolic compounds in the fermentation waste was still high enough to be valorized.



Figure 3 demonstrates the total flavonoid content of both fresh fruit and the fermentation waste. The results show 1.70 mg RE/g EPW for fresh fruit and 1.17 mg RE/g EPW for fermentation waste, a decrease of 31.45%, indicating lower depletion compared to that of total phenolic compounds. The results may be explained by the fact that flavonoids are semi-polar compounds: their non-polar core structure is modified by various polar hydroxyl groups and carbohydrate moieties, and flavonoids can readily be extracted using polar organic solvents such as methanol, ethanol, acetonitrile and acetone [11,28]. Consequently, larger amounts of flavonoids than other phenolic compounds may remain in the fermented marc. Clearly, the flavonoid content in the fermentation waste was far from exhausted as previous examples from the literature show. Ga Hee Jang et al. [29] reported a value of 1.49 mg/g DW (Dry Weight) from Chinese plum, and another study obtained a value of 2.5 mg QE (Quercetin Equivalent)/g FW for yellow plum and 2.3 mg QE/g FW for red plum [18].




3.2. Identification of Bioactive Compounds


3.2.1. Volatile Compounds


In this section, the volatile compounds of fermentation waste extract were analyzed to identify the bioactive compounds both qualitatively and quantitatively. A total of 41 substances were identified and clustered into 5 groups according to chemical structure: 11 alcohols, 8 aldehydes and ketones, 4 acids and anhydrides, 12 esters and 6 others (The complete compound list is in Table S1). As shown in Figure 4, the waste sample still contained a large amount of volatile compounds, especially aldehydes and ketones. Our previous work, however, showed that the alcohols and esters were the most abundant compounds in the greengage wine [13]. It can be speculated that the retention ratio of the aldehydes and ketones was higher than that of alcohols and esters in the fermented marc.



In addition, among the 41 identified substances in the fermentation waste, several well-known bioactive compounds with strong antibacterial capacity were revealed. As shown in Table 1, these are linalool [30], dihydrolinalool [30], terpineol [29], methyl salicylate [31], 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl [32], δ-Nonalactone and β-ionone [32]. Moreover, terpineol and the ionones were also reported to possess good anticancer effects [33]. Specifically, the relevant literature has shown that α-terpineol had a good inhibitory effect on Escherichia coli when the content was above 0.78 mg/L [34]. According to the test results of green plum juice, β-ionone and dihydro β-ionone showed a broad-spectrum antibacterial effect at 6.4 mg/L [32]. The above two bioactive compounds in the waste sample far exceeded the antibacterial threshold, implying a good antibacterial capacity, which will be confirmed in Section 3.4.




3.2.2. Phenolic Compounds


In this section, the phenolic compounds in the fermentation waste extract were identified by LC-MS so that the specific bioactive compounds could be explored further. According to LC-MS analyses, 16 phenolic substances were detected (Table S2), four of which became widely known in recent years for their significant antioxidant and antibacterial capacity. As revealed in Table 2, neochlorogenic acid, chlorogenic acid, 7-Hydroxycoumarine and 3-O-Feruloylquinic acid were found in the extract. The literature [35] shows that the DPPH radical scavenging activity of neochlorogenic acid and chlorogenic acid are as high as 797.3 mmol TE/g and 748.8 mmol TE/g, respectively. 7-Hydroxycoumarine has also been proven to have a good antibacterial effect, even 100% under acidic conditions [36]. In addition, 3-O-Feruloylquinic acid was confirmed to be an effective antioxidant [37]. All these phenolic compounds endow fermentation waste fairly good antioxidant and antibacterial capacity, which will be certificated later in this work.





3.3. Antioxidant Capacity


In this section, the antioxidant capacity of the waste sample was evaluated by both ABTS and DPPH methods. The samples of fresh greengage were also tested to provide a comparative references.



Figure 5 shows the DPPH radical scavenging of fresh fruit and fermentation waste. The lower value ifor the fermentation waste shows that the fresh greengage exhibited a higher DPPH radical scavenging capacity than the waste (7.84 μmol TE/g EPW and 5.39 μmol TE/g EPW, respectively). Nevertheless, 5.39 μmol TE/g EPW was still far from exhausted since lower values of around 3 μmol TE/g EPW for plum fruit are previously reported in the literature [38], which makes the valorization of the waste necessary.



The results of ABTS radical scavenging are illustrated in Figure 6. Similar remarks can be drawn: the fermentation waste again presented lower antioxidant capacity than the fresh one, with the value of 9.80 μmol/g EPW, while previous works reported around 6 μmol TE/g FW for yellow plum [38,39].



In general, the position and counts of the hydroxyl groups on the aromatic rings of the phenolic compounds affect the activity of free radicals; thus phenolic compounds (including flavonoids) contribute to free radial scavenging [40]. In this case, the fermentation waste had a lower TPC and TFC value of than for fresh fruit, which resulted in lower DPPH and ABTS radical scavenging.




3.4. Antibacterial Capacity


In Section 3.2, several key bioactive compounds were identified in the waste sample that showed high antibacterial potential; in this section, we provide the proof. To exclude the effect of the medium’s pH on antibacterial capacity, a comparative control was also employed using a citric acid solution with a pH of 2.2 (the same pH as that of the waste), based on a previous report showing citric acid to be the main organic acid in greengage [41].



Figure 7 illustrates the average inhibitory zone diameters for a citric acid solution (pH = 2.2) and fermentation waste extract. The inhibitory effect of the waste extract on all the three strains was quite remarkable since the zone diameters were all higher that 17 mm. Otherwise, the citric acid solution showed only a weak inhibitory effect on Bacillus subtilis, and no inhibition for Staphylococcus aureus or Escherichia coli. These results suggested that the fermentation waste indeed possessed strong antibacterial capacity, which did not result from the excessive acidity.



To assess antibacterial capacity in the context of thermal stability, the fermentation waste was heated to 121 °C for different durations before the test. As shown in Figure 8, the size of the inhibition zone remained quite constant for all the three strains after heating from 5 to 30 min, suggesting that the active compounds in the fermentation waste were thermally stable.





4. Discussion


The greengage variety “Nangao” from Dayi (Sichuan, China) was used in this work. As a fruit well known to be rich in bioactive compounds, the main characteristics of the different greengage varieties had already been investigated [42,43,44]. Being different in a narrow range, they were quite comparable in total content of acid, sugar, vitamin C, proteins, amino acids, flavonoids and phenols. Those comparative investigations ensured that this work would provide important guidance for the majority of greengage wine breweries even though different varieties are employed in fermentation.



Moreover, by focusing on greengage fermentation waste, the bioactive compounds found in this work are quite consistent with the previously mentioned work on greengage fruit [45,46,47]. Though they have different compositions, the key bioactive compounds (linalool, terpineol, β-ionone, neochlorogenic acid and chlorogenic acid) were present and well identified in the samples of this work and those in the literature. This not only consolidated the previous revelations about bioactive greengage compounds, but also implied that they were partially retained in the fermentation waste.



As for the potential applications of fermentation waste, various industrial sectors can be involved. Although the total phenol content and total flavonoid content of the fermentation waste extract were lower than the fresh greengage extract, they were still high enough to be recovered. According to the literature [48,49], the extract of such bioactive compound richness can deliver human health benefits such as enhancing immunity, suppressing tumors, resisting infection, reducing cholesterol and delaying aging. Therefore, it may serve as the active ingredient in medical or cosmetic products.



In addition, the extract proved to have a strong antibacterial ability that was thermal stable. This characteristic may contribute in the food industry as food preservative or additive, or in the production of personal hygiene products such as mouthwash. The results of this work may also inspire further applications of such fermentation waste for sustainable development.




5. Conclusions


In this work, the fermentation waste of greengage was simply centrifuged to obtain its extract, of which the characteristics were analyzed to provide crucial guidance for its further valorization.



The fermentation waste of greengage has been confirmed to contain considerable total phenols and flavonoids. As revealed by both GC-MS and LC-MS analysis, the key bioactive compounds (linalool, terpineol, β-ionone, neochlorogenic acid and chlorogenic acid) were identified, which gave the fermentation waste its high antioxidant capacity and strong, thermally stable antibacterial ability. These features assure that the valorization of greengage fermentation waste has a promising future.
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The complete list of volatile compounds of the fermentation waste identified by GC-MS is shown in Table S1. The complete list of phenolic components of the fermentation waste identified by LC-MS is shown in Table S2.
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Nomenclature




	DW
	Dry Weight



	EPW
	Edible Parts Weight



	FW
	Fresh Weight



	GAE
	Gallic Acid Equivalent



	QE
	Quercetin Equivalent



	RE
	Rutin Equivalent



	TE
	Trolox Equivalent



	TFC
	Total Flavonoids Compounds



	TPC
	Total Phenolic Compounds
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Figure 1. The fermentation of greengage waste and its extract. 
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Figure 2. Total phenolic contents of fresh greengage and its fermentation waste. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). Different letters indicate that they are significantly different at p < 0.05 according to ANOVA analysis. 
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Figure 3. Total flavonoid contents of fresh greengage and its fermentation waste. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). Different letters indicate that they are significantly different at p < 0.05 according to ANOVA analysis. 
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Figure 4. Total concentration of the volatile compounds of the waste sample. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). 
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Figure 5. DPPH radical scavenging of fresh greengage and its fermentation waste. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). Different letters indicate that they are significantly different at p < 0.05 according to ANOVA analysis. 
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Figure 6. ABTS radical scavenging of fresh greengage and its fermentation waste. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). Different letters indicate that they are significantly different at p < 0.05 according to ANOVA analysis. 
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Figure 7. Bacteriostatic effect of the fermentation waste of greengage compared to citric acid solution. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). 
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Figure 8. The impact of heating on the bacteriostatic effect of greengage fermentation waste. The data are shown as the mean values of three determinations (n = 3) ± standard deviation (error bars). 
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Table 1. Key Bioactive Compounds Found in the Fermentation Waste Extract.
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	Numbers
	CAS
	Substracts
	Concentration (mg/L)





	1
	78-70-6
	Linalool
	14.33 ± 1.09



	2
	2270-57-7
	3,7-Dimethyl-6-octen-3-ol
	9.26 ± 1.06



	3
	10482-56-1
	Terpineol
	25.19 ± 1.87



	4
	119-36-8
	Methyl salicylate
	4.803 ± 0.81



	5
	17283-81-7
	4-(2,6,6-trimethyl-1-cyclohexen-1-yl)butan-2-one
	11.08 ± 0.94



	6
	3301-94-8
	δ-Nonalactone
	9.94 ± 0.29



	7
	14901-07-6
	β-ionone
	24.33 ± 5.68
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Table 2. Key Phenolic Compounds Found in the Fermentation Waste Extract.
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	Numbers
	RT (min)
	Compound Name
	m/z

Calculated
	m/z

Experimental
	Formula





	1
	5.576
	Neochlorogenic acid
	353.30078
	353.08801
	C16H18O9



	2
	7.017
	Chlorogenic acid
	353.30078
	353.08765
	C16H18O9



	3
	5.576
	7-Hydroxycoumarine
	161.13420
	163.03923
	C9H6O3



	4
	7.114
	3-O-Feruloylquinic acid
	367.32736
	367.10349
	C17H20O9
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